Abstract. DEK is a protein ubiquitously expressed in multicellular organisms as well as certain unicellular organisms. It is associated with the regulation of cell proliferation, differentiation, migration, apoptosis, senescence, self-renewal and DNA repairing. In tumor cells it is associated with the carcinogenesis process, however there have been few previous studies into the expression of DEK in lung cancer. In the present study the expression level of DEK mRNA and protein was detected in lung cancer tissues and non-cancerous counterparts by performing reverse transcription-quantitative polymerase chain reaction and immunohistochemical staining. It was revealed that the expression of DEK was increased in lung cancer tissues compared with normal tissue. Knock-down and over-expression of DEK in A549 cells were performed to determine the role of DEK in tumor formation. An MTT assay, colony formation assay and Matrigel invasion assay demonstrated that DEK positively regulated cell proliferation and invasion. These results suggest that DEK is highly expressed in lung cancer tissues and positively regulates cell proliferation and invasion.
Introduction
Lung cancer is the most prevalent type of cancer in the world. According to the World Health Organization (WHO), about 1.59 million cases of lung cancer-related deaths were recorded worldwide in 2012; and among those, 597 thousand cases took place in China. As a populated country with lots of risk factors such as smoking and air pollution, medical care departments in China is facing with a growing burden of cancer treatment.
Therefore, it is crucial to uncover the mechanism of lung cancer formation and thus develop new biomarkers for the detection and treatment of the disease. DEK is an ubiquitous protein in multicellular organisms as well as in some unicellular organisms (1) . It was originally discovered as a fusion protein with CAN nucleoprotein in a subtype of acute myeloid leukemia in 1992 (2) . Recent findings showed that DEK may act as an oncoprotein during tumor formation, because of its active role in regulating cell proliferation, differentiation, migration, apoptosis, senescence, self-renewal and DNA repairing (3) . Meanwhile, it has been found that DEK is over-expressed in various malignant tumor cells, such as neuroendocrine prostate cancer cells, gastric adenocarcinoma cells, colorectal cancer cells, breast cancer cells, bladder cancer cells, human hepatocellular carcinoma cells and so on, while it remains in a low level or is even undetectable in quiescent and terminally differentiated cells (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . Over-expression of DEK boosts proliferation and transformation of epithelial cells, promotes tumor growth and metastasis of breast cancer cells, while it inhibits normal cell differentiation, suppresses p53 pathway-induced apoptosis and acts as a senescence inhibitor with E6 and E7 oncogene (17, 18) . DEK depletion, on the other hand, may trigger cell apoptosis or senescence (19) (20) (21) (22) (23) , and also sensitize cells to chemotherapy or genotoxic agents (9, (23) (24) (25) (26) . These facts demonstrate the potential applications of DEK as a tumor diagnostic biomarker and also as a therapeutic target.
This study focused on the poorly understood function of DEK in lung cancer cells, and discovered the clinical pathological significance of DEK in lung cancer detection and treatment. (Table II) .
Materials and methods

Clinical
Immunohistochemistry. Immunohistochemistry (IHC) was performed on formalin-fixed paraffin-embedded tumor tissues, which were sectioned (4 mm) and mounted on polylysine-coated slides. The sections were deparaffinized in xylene and then rehydrated in decreasing concentrations of ethanol (100, 95, 80 and 70%, respectively). Antigen was retrieved by incubating sections with sodium citrate buffer (pH 6.0) for 10 min in the microwave. Slides were incubated with 3% (v/v) H 2 O 2 for 15 min to inhibit endogenous peroxidase activity. To further reduce non-specific background staining, sections were incubated in 20% (v/v) normal goat serum for 20 min and were then incubated with the DEK-specific primary rabbit antibody (dilution 1:300; ProteinTech Group, Inc., Chicago, IL, USA) at 37˚C for 2 h. The Goat anti Rabbit IgG/HRP polymer conjugate (OriGene Technologies, Inc., Rockville, MD, USA) were added to the sections and incubated at 37˚C for 15 min according to the manufacturer's protocol. Between each aforementioned steps, the sections were washed with phosphate-buffered saline (PBS) for 6 min. Immunostaining was visualized by developing the slides in diaminobenzidin (DAB). The sections were counterstained with hematoxylin for 4 sec, dehydrated and mounted. Each slide was observed under the microscope at magnification, x400. Semi-quantitative percentage score was given according to the nuclear staining of cells from five views. Percentage scores were assigned as follows: 0-5%: negative (-), 6-25%: weak positive (+), 26-50%: positive (++), 51-100%: strong positive (+++).
Western blotting analysis. Cells were trypsinized after transfection for 48 h using 0.25% trypsin (Merck KGaA), then lysed using 1X SDS-PAGE loading buffer [0.045 mol/l Tris-HCl (pH 6.8); 10% glycerin, 1% SDS; 0.004% bromophenol blue; 0.5 mol/l DTT; with a final concentration of 200 µl loading buffer every 1x10
6 cells]. 30 µl of each sample was loaded and separated in a 12% SDS-polyacrylamide gel by electrophoresis. Proteins were transferred onto nitrocellulose filter membrane (NC membrane; Pall Life Sciences, Port Washington, NY, USA) and incubated in the following reagents: 5% non-fat milk (4˚C, over-night); primary antibodies (DEK rabbit polyclonal antibody: 1:1,000, ProteinTech Group, Inc.; β-actin mouse monoclonal antibody: 1:1,000, OriGene Technologies, Inc.; His mouse monoclonal antibody: 1:500, OriGene Technologies, Inc.); secondary antibodies (Peroxidase-Conjugated AffiniPure Goat anti-mouse IgG: 1:2,000, OriGene Technologies, Inc.; or Peroxidase-Conjugated AffiniPure Goat anti-rabbit IgG: 1:2,000, OriGene Technologies, Inc.; 37˚C, 1 h). After each aforementioned incubation step, the membrane was washed in TBST buffer for 3 times, 5 min each time. So were the reagent and antibodies diluted in TBST buffer. After the final washing step, bound proteins were visualized using ECL (Thermo Fisher Scientific, Inc.) and X-ray film (Fujifilm, Shanghai, China). The relative expression level of each gene was analyzed based on β-actin as the loading control.
MTT assay. A549 cells were planted on 96-well plate before transfection, with 100 µl of medium, 1,000 cells per well. 10 µl MTT reagent was added to wells 24, 48, 72 and 96 h after transfection, and the plate was incubated in 37˚C for 4 h. After discarding the media, 100 µl of DMSO was added to dissolve the MTT formazan in each well. The plate was incubated in 37˚C for another 4 h and the optical density was read using a wavelength of 570 nm. Each test was performed in triplicates.
Colony formation assay. Cells were replanted in 6-well cell culture dishes 48 h after transfection with 1,000 cells per well. Medium was renewed every two days. 7 days after transfection, colonies were stained by 0.1% crystal violet (Beyotime Institute of Biotechnology, Haimen, China), and visible colonies were counted. Each test was performed in triplicates.
Matrigel cell invasion assay. 48 h after transfection, 10,000 cells were replanted onto the upper membrane of transwell chamber (EMD Millipore, Billerica, MA, USA) covered with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA) according to the manufacturer's protocol. The upper chamber contained 200 µl of DMEM, and the lower chamber contained 600 µl of DMEM with 10% FBS as chemoattractant. 24 h after incubation, the chamber was washed with PBS and cells on the upper membrane were gently removed. Then the membrane was stained with crystal violet (Beyotime Institute of Biotechnology, Haimen, China). Number of migrated cells were counted under the microscope with magnification, x100, 5 randomly selected areas on each membrane were counted.
Statistical analysis. All data were analyzed using SPSS version 20. Immunohistochemistry results were analyzed using the chi-squared tests, and all other results were analyzed using the unpaired, two-tailed Student's t-tests. All statistical data were presented as means ± standard deviation. A test with a P<0.05 was considered to indicate a statistically significant difference.
Results
Over-expression of DEK mRNA detected in lung cancerous tissues. Real-time quantitative RT-PCR (qRT-PCR) was performed in 29 cases of lung cancerous tissues paired with non-cancerous counterparts. DEK-over expression means that in tumor samples the DEK is more expressed than in the adjacent normal tissue samples. As shown in Table III , DEK mRNA was over-expressed in 15 out of 29 (51.7%) cases of lung cancerous tissues paired with normal tissues. Among those, 14 cases (48.3%) showed over two-fold up-regulation of DEK mRNA level, 9 cases (31.0%) showed over five-fold up-regulation of DEK mRNA level. In adenocarcinoma tissues, 7 out of 8 cases (87.5%) showed over-expression of DEK mRNA, which was significantly higher than those of other histopathological types. However, no correlation between the over-expression of DEK mRNA and patient's age, gender, pleural invasion status as well as TMN stage was found (Table IV) .
Over-expression of DEK protein detected in lung cancerous tissues. The expression level of DEK protein in lung cancerous tissues and non-cancerous counterparts were detected by IHC (Fig. 1) . Among 81 cases of lung cancerous tissues, 66 cases (81.5%) showed positive staining of DEK protein, while 32 cases (39.5%) showed strong positive staining of DEK protein, which was significantly higher than those in normal tissues (Table V) . However, there was no significant correlation between strong positive staining of DEK protein and clinicopathological characteristics of patients (Table VI) . protein were down-regulated by siRNA transfection; while the transfection of plasmid encoding His-tagged DEK caused DEK over-expression in A549 cells (Fig. 2) .
DEK positively regulates proliferation in A549 cells.
To detect whether DEK could regulate cell proliferation in lung cancer cell lines, MTT assay was performed in DEK depleted and over-expressed A549 cells. Results showed that cell proliferation was significantly restricted after day 4 in DEK depleted cells, while being significantly promoted after day 3 and day 4 in DEK over-expressed cells (Fig. 3A and B) . A supplementary experiment of colony formation assay was performed and the results were in accordance with the former one. A significant decrease of colony numbers in DEK depleted cells and a significant increase of colony numbers in DEK over-expressed cells were detected (Fig. 3C-F) . Both experiments manifested the positive correlation between DEK expressional level and cell proliferation, showing DEK may act as a pro-proliferation factor in A549 cells. As a chromatin associated architectural protein, DEK may play an important role in change of chromatin structure and thereby the expression of genes related to cell proliferation.
DEK positively regulates invasion of A549 cells. Matrigel invasion assay was performed to detect alterations DEK made to cell invasion. Decrease of invaded cell numbers was shown in DEK depleted A549 cells, while DEK over-expressed cells resulted in an increase of invaded cell numbers (Fig. 4) . According to the results, the invasion of A549 cells was positively correlated with DEK expression.
Discussion
DEK is over-expressed in various type of malignant carcinomas, such as acute myeloid leukemia, retinoblastoma, brain malignant glioma, hepatocellular carcinoma, breast cancer, uterine cervical cancer, bladder cancer, colon cancer, colorectal cancer, gastric adenocarcinoma, oral squamous cell carcinoma, neuroendocrine prostate cancer (5) (6) (7) (8) (10) (11) (12) (13) (14) (15) (16) (17) 27) . It was first discovered that DEK was over-expressed in high-grade neuroendocrine carcinoma of the lung by Shibata et al (9) , yet it was only limited on the type of neuroendocrine carcinoma. Here we examined the expression level of DEK in various subtypes of lung cancer, and discovered that DEK mRNA is over-expressed in 51.7% of lung cancerous tissues. Especially, in adenocarcinoma tissues of the lung, DEK showed a significantly high over-expression rate of 87.5%. The IHC experiment showed similar results, 39.5% of lung cancerous tissues showed strong positive expression of DEK protein, while the number was only 20.5% in normal tissues. These findings gave valuable hints to the biomarker development of DEK, showing that DEK might have the potential to be applied as a diagnostic biomarker for lung cancers, especially for adenocarcinoma of the lung. However, neither of these studies demonstrated the relationship between DEK expression and patient's age, gender, or TMN stage, differentiation status of the carcinoma.
We have analyzed the expression of DEK in mRNA and protein level in lung cancer samples, not only the NSCLC samples reported in the study by Liu et al (28) , which explored the role of DEK expression for the prognostic evaluation of non-small cell lung carcinoma (NSCLC). Besides, based on the previous findings, the downstream effects of aberrant DEK expressional level were analyzed using the A549 lung cancer cell line. Through silence and overexpression of DEK in A549 cells, we found that DEK could influence the proliferation and invasion of A549 tumor cells. In our study, it was discovered that the over-expression of DEK promotes cell proliferation and invasion, which was in accordance with former studies in other types of cancers (3, 8, 17, 19) . The findings support the carcinogenic role of DEK in lung cancer formation, and it could be the reason for the aberrant expressional level of DEK in lung cancerous tissues we detected earlier. On the other hand, depletion of DEK in A549 cells gave us the exact opposite story. Our study showed that DEK depletion could repress proliferation and invasion of lung tumor cells. Therefore, DEK could act as a target for lung tumor therapy applied in clinical studies. In our study, the depletion of the gene expression was accomplished by siRNA transfection, which made the therapy easier to be applied clinically.
To sum up, the present study discovered that DEK was over-expressed in lung cancerous tissues. The aberrant expression of DEK may promote cell survival and tumorigenesis. The more detailed discussion of DEK's mechanism in lung cancer formation should be done in the future studies, and clinical studies using larger groups of samples should be performed to discover the further application value of DEK as a novel biomarker.
